SUMMARY. TWO kinds of vitreous material with composition K2GeSi~Os and K2Si~O9 were treated under conditions of high temperature and pressure. The X-ray diffraction patterns of the products were similar to that of K~TiSinO~, which has the wadeite, K2ZrSi3Os, structure.
EXPERIMENTS on phase transitions of minerals have proved that the application of high pressures gives rise to an increase in the coordination number of Si ions from four to six. This trend is clearly seen in transitions such as from quartz to stishovite (Stishov and Popova, I960 and from orthoclase to a hollandite-type phase (Kume et aL, 1966; Ringwood et al., 1967) ; in these cases, however, Si ions occupy either tetrahedral or octahedral sites. This paper reports experimental results on the synthesis of a silicate in which Si ions occur in both tetrahedral and octahedralsites.
Experimental method. Two kinds of starting materials were prepared. Powders of K2CO3, GeO2, and silica gel were mixed in the molar ratios of K2GeSi309 and K2Si~O9 and were calcined at 6oo ~ The materials obtained in this way were vitreous. A natural crystal of K-feldspar separated from a pegmatite vein in a Mesozoic granite, Tanokamiyama, Shiga Prefecture, was also used.
The starting material of KzGeSi309 was sealed in a silver capsule and was maintained at 600 ~ and I kbar for I week in a test-tube-type bomb (Roy and Tuttle, 1956 ). In the case of K2Si409 and the feldspar crystal, the sample was sealed in a platinum capsule and heated at 9oo ~ to 1200 ~ under 20 to 9o kbar pressure for I hour. The assemblage of the high-pressure cell was similar to that reported by Yanagisawa and Kume (1973) .
The cell was compressed using a cubic anvil type apparatus (Osugi et al., 1964) .
The pressure generated inside the cell was calibrated by the change of electric resistivities of Bi at 25. 5 and 77, and of Ba at 55 kbar. No correction was made for the emf of the thermocouple under pressure.
After a run was completed, the sample was quenched to room temperature and taken out of the capsule. The product was examined optically and by X-ray diffraction. The diffractometer was scanned at a speed of 0.5 ~ per minute and powder data were recorded using Ni-filtered Cu-K~ radiation with silicon as an internal standard. The error in the calculated d-spacings is estimated to be within 4-o'oo3 A. The density was determined by weighing a I I I'74 mg sample in air and water.
Results. When K2GeSi~O9 and K2Si~O9 glasses were treated under the conditions mentioned above, the products always consisted of a single phase, the X-ray powder pattern of which could be completely indexed assuming hexagonal symmetry (Table I) .
The X-ray data correlate well in both spacings and relative intensities with K2TiSi309 with wadeite-type structure (Choisnet et al., ~973)-The measured and calculated densities of K2Si409 were 3"oo and 3'o8 g cm -z respectively. When K2Si409 once crystallized to the wadeite-type structure was reheated at 7oo ~ in air for 6 hours, it reverted to a glassy state. In this pattern the diffractions marked with circles are assigned to coesite, those with squares to kyanite. The remainder are all assigned to a wadeite-type phase. FI~. 2 (right). Relation between lattice constants and ionic radii of tetravalent cations in K~MSi309 (M = Si, Ge, Ti, Zr) with wadeitetype structure. The lattice constants obtained by Choisnet et al. (1973) are used for M = Ti and Zr.
When K-feldspar was subjected to 950 ~ and 85 kbar, the X-ray powder pattern of the product was as shown in fig. I . This pattern was interpreted as a mixture of coesite, kyanite, and a wadeite-type phase. When some water was added to the starting powder of the feldspar, a cymrite-type phase appeared, as has been reported by Seki and Kennedy (I964).
Discussion. The results of the high-pressure syntheses show that KiGeSi~O 9 and K~Si409 crystallize with a structure similar to wadeite. The measured density of the high-pressure product of K2Si409 is consistent with the value calculated from X-ray data and this is further confirmation that the phase is isostructural with wadeite.
Henshaw (I955) has suggested that Zr is in octahedral and Si is in tetrahedral sites in wadeite. The present result indicates that KeSi409 is isostructural with wadeite. Consequently it is suggested that a quarter of Si ions in KiSi~O9 are located in octahedral and three-quarters in tetrahedral sites. The formula should be written KiSiSi~Og. When the lattice constants of several compounds with the wadeite type structure are plotted against the ionic radii of cations in octahedral sites, a linear relation is observed, as illustrated in fig. 2 ; this is additional evidence that one-quarter of the Si in KiSiSi~O9 occupies in the same site as Ge, Ti, and Zr. No mineral has previously been found nor synthesized in which Si ions simultaneously occupy two sites with different kinds of coordinations in one crystal. With these data, the density of this phase is calculated to be 2-29. When this value is compared to that obtained in the present experiment, the indication is that the wadeite-type phase is a dense phase of K2Si409. It is seen here that the dense phase converts to a glassy state on heating in air. The difficulty of crystallization of K~Si4Oo in air is probably due to high viscosity of the glass as has been pointed out by Goranson and Kracek (I932).
K-feldspar decomposes to three phases under pressure, the reaction being:
zKA1Si3Os --> K2SiSi3Ogq-A12SiOs-FSiO2 feldspar wadeite type kyanite coesite
The decrease in volume due to this reaction is about 2I %. The volume change associated with the direct transition from feldspar to a hollandite-type phase is 35 % (Kume et al., I966). The above decomposition is thus probably an intermediate step in the transition of feldspar to the hollandite type. Although there has been very little discussion on the possible existence of silicate such as K2SiSi309 in nature, the coexistence of 4-and 6-coordinated Si ions in one mineral may occur in some part of the Earth's mantle.
